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Abstract 

The contributions into radiative correction parameters S, T, U 
from scalar leptoquark and scalar gluon doublets are investigated in 
the minimal four color symmetry model. It is shown that the current 
experimental data on S, T, U allow the scalar leptoquarks and the 
scalar gluons to be relatively light (with masses of order of 1 TeV 
or less), the lightest particles are preferred to lie below 400 GeV. In 
particular, the lightest scalar leptoquarks with masses below 300 GeV 
are shown to be compatible with the current data on S, T, U at x 2 < 
3.1(3.2) for itih = 115(300) GeV in comparison with \ 2 = 3.5(5.0) in 
the Standard Model. The lightest scalar gluon in this case is expected 
to lie below 850(720) GeV. The possible significance of such particles 
in the t-quark physics at LHC is emphasized. 



*E-mail: asmirnov@univ.uniyar.ac.ru 



1 



The search for a new physics beyond the Standard Model (SM) is one of 
the aims of high energy physics now. One of the possible variants of such new 
physics can be the variant induced by the possible four color symmetry |1J 
between quarks and leptons. This symmetry predicts the vector leptoquarks 
with the lower limit on their masses of order 100 TeV or less and 
allows the scalar leptoquarks with the more undefined masses, some 
other colored particles are also allowed. 

In addition to the vector leptoquarks the four color symmetry with the 
Higgs mechanism of splitting the masses of quarks and leptons ( MQLS- 
model, 0,0] ) predicts the scalar leptoquarks and the scalar gluons of the 
doublet structure under the electroweak S77£,(2)-group. In this approach 
these doublets are responsible for splitting the masses of quarks from those 
of leptons and they are the partners of the standard Higgs doublet. What 
can we say about the masses of these scalar doublets? The first analysis of 
the masses of the scalar leptoquark doublets by the formalism |H| of the 
radiative corrections S—,T—,U— parameters showed [11,12] that some of 
these particles can be relatively light. 

In the present paper we calculate and discuss the contributions into 
S, T, U from both the scalar leptoquark and the scalar gluon doublets, ac- 
counting the Higgs mechanism of generating the masses of these particles 
from the scalar potential of their interactions with the standard Higgs dou- 
blet. This is the most reasonable way of generating the masses of scalar 
particles and it reduces the region of the fitting parameters of the model and 
gives the possibility to obtain the new bounds on the masses of the scalar 
leptoquarks and of the scalar gluons from current experimental data Hl3"] , |T4} 
on S, T, U. 

The scalar leptoquark and scalar gluon doublets and Fj a to be dis- 
cussed here belong to the (15,2,l)-multiplet $J 3 a } of the SU V (4) x SU L {2) x 
E/fl(l)-group of the MQLS-model [g |] with VEV r? 3 , here a = 1,2 and 
i = 1,2... 15 are the SUl(2) and S77y(4) indexes and a = 1,2,3 and 
j = 1, 2 ... 8 are the indexes of the ordinary color SU C (3) group. This multi- 
plet together with (l,2,l)-multiplet $i 2 ' ) with VEV t] 2 generates the fermion 
masses by Higgs mechanism and splits the masses of quarks from those of 
leptons. 

Below we consider the scalar leptoquark doublets in the case of the the 
simplest scalar leptoquark mixing and with neglect of the small parameter 
£ 2 — \9\ r iil' m v ^ 1 of the model. In this case the scalar leptoquark doublets 
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can be written as 



where Si, S 2 are the mass eigen states of the scalar leptoquarks with electric 
charge 2/3 and c = cos 8, s = sin9, 9 is the scalar leptoquark mixing angle. 

In the case (Q) the contributions S iLQ \ T^ LQ \U {LQ) into S, T, U from 
the scalar leptoquark doublets can be obtained by simplifying the general 
expressions of ref. |TTJ and take the form 
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1 ± 4/3, m+ = m 5 ( +) = m 5/3 , m_ = m 5 (-j = m 1/3 , m y = 
m Si,s 2 = m 2/3,2/3'- Here indexes 5/3, 1/3, 2/3 of the masses denote the 
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electric charges of the corresponding scalar leptoquarks. Notice that the 
contributions T^ L ^ and U^ L ^ from the scalar leptoquark doublets are not 
positive definite due to the Si — 52- mixing and can be negative if m + ,m_ 
are between m\ and 1712. 

The scalar gluon doublets can be written as 

Fj= ( {<fa + ifos)/^ )' (7) 

where the charged fields F\j and the neutral fields (fry , foj , j = 1,2,..., 8 
are the mass eigen state fields (in general case the real and imaginary parts 
<pij, (p2j of the down component of the doublet Fj can be splitted in the mass). 
The scalar gluon doublets (0) give the contributions into S, T, U of the form 

= -Mln^+ln^-/ 2 (T^,T^)}, (8) 
24vr t m\ x m 2 ^ J 

T {F) = — J/iK.m^) +fi(m Fl ,m <h ) - /i(m^,m^) 1(9) 



327vc w 2 s w 2 m z 

U {F) = ^|/ 2 (m Fl ,m^) + f 2 {m Fl ,m <h ) - ^(m^, m^ 2 ) J, (10) 

where k F = 8 and /i(mi, ra 2 ) and /2( m i, are defined by eqs.(§), (||). The 
contributions and are not positive definite and they are negative 
if m Fl is between and m0 2 . 

Let the masses of the scalar leptoquark and scalar gluon doublets are 
generated from the scalar potential of their interactions with the standard 
Higgs doublet by the Higgs mechanism of the symmetry breaking. In general 
case the terms of the scalar potential contributing into the scalar leptoquark 
and scalar gluon masses can be written as 

V(& SM \S) = [mp , (£ (±) S (±) ) +/3±($^$ (SM) )(5( ± ^W) + (11) 
+,- 

7± ($(5M) S (±) )( J(± )<|) (SM) ) j + \ Ss (i(swsW)fesM) S H) + hx ; 



y($ (SM ); F) = m (o )2 J2(fr jFj) + pyfosWQiSM)) Y^iFjFj) + (12) 

3 3 

lF Y,^ (SM) F j )(FM SM) ) + [5 F J2(i (SM)F 3)(i iSM)F j) + h-c 
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where m F and m± are the parameters of squared mass dimension and 
P±, 7±> $Si Pf, If, $f are the dimensionless coupling constants. After 
symmetry breaking the potentials (|11|), (0) give the mass matrix of the 

down scalar leptoquarks (Sv; ,S% ) 



Vm 21 m 22 y ^ 5sr? 2 /2 m 2 +7 _ r? 2 /2 

and the relations for the masses of the scalar gluons 



,2 

h,<P2 



nr m 2 Fl + IfT/^ ± 5 F V , ( 14 ) 



where r\ = a/ 7 ?! + * s the Standard Model VEV. 

For the case of real 5s from the mass matrix fllTf ) we have the masses of 
the scalar leptoquarks with electric charge 2/3 and mixing angle in the form 



m \ 2 = Mi li22 =F 2Mi 2 cos 6» sin 6» + (M n - M 22 ) sin 2 6> , (15) 
tan2# = -2M l2 /(M n -M 22 ). (16) 

For the stability of the vacuum the coupling constants in the scalar poten- 
tial are supposed below to satisfy some conditions ensuring the positiveness 
of the total scalar potential 

V{& SM \ S) + V{& SM \F) + A SM (t ( 5M )$ (5A/) ) 2 + 

£ A ± ( W±)) 2 + A F (£fe)) 2 > 0. (17) 

+ - j 

Below we regard the parameters 

mi,m 2 ,m 02 ,7 + ,7_,5 5 ,7 F ,5 F (18) 

as the fitting parameters and find the masses m + , m__, m t f >1 ,mF 1 and the mix- 
ing angle from ( |T3"| ) - (|HJ) and then calculate the contributions (|2|) - (|]), (||) 
- (pj) of the scalar doublets into 5*, T, U. Notice that for validity of the 
perturbation theory the coupling constants in the potentials (|TT1) , (|12"D , (|l7l) 
cannot be too large and this circumstance bounds the allowed region of the 
fitting masses and mixing angle in the formulas (§) - (|j), © - (|TJJ). We 
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suppose below that all the coupling constants in flTT|), (P"2]), (|T7|) do not ex- 
ceed some maximal value X max ensuring the validity of perturbation theory. 
In the further numerical analysis we restrict ourselves by the values of X ma x 
from the region X ma x = 1-0 — 4.0 which give the reasonable values of the 
perturbation theory expansion parameter of order A max /47r = 0.1 — 0.3. 

We have carried out the numerical analysis of the contributions (0) - (|j), 
(H) " (HO) us i n g t ne current experimental values of S, T, U induced by a new 
physics [[13|,|14" 



SZl = -0.03 ±0.11 (-0.08), 

TnZ = -0.02 ±0.13 (+0.09), (19) 
UIZ = 0.24 ±0.13 (±0.01), 

where the central values assume m# = 115 GeV and the change for m# = 
300 GeV is shown in parentheses. 

Varying the fitting parameters ([Tj|) we minimize y 2 defined as 

/ C qexp \2 (rp rpexp \2 (tj j jexp \ 2 

2 _ \° °new) , V 1 1 new) , \ u u new) 
X /a r<\ 9 



(AS) 2 (AT) 2 (AU) 2 ' 

where S = ± S^ F \ T = + T^ F \ U = ± and 

T (LQ) ; jj(lq) and cj(F) ^ T (F)^ jj(f) are the contr ibutions (@) - (§ and (§) - 

flip]). AS", AT, AU are the experimental errors in ([191) . 

To clear up the possible effect of the scalar leptoquark and scalar gluon 
doublets on S, T, U we vary the masses of these particles so that 

mi, m 2 , m±, m Fl , , m H > m l ™% r , (20) 

where rn l ™f^ r ls a lower limit on the masses of these particles. After mini- 
mization of x 2 under condition (|2CiD we have analysed the dependence of Xmin 
on this lower limit m l °^ r and on upper limit \ ma x on the coupling constants 
of the scalar potential. 

The Fig.l and Fig. 2 show Xmini ml °caiari ^max) as a function of the lower 
limit m 1 ™^ 101 m H = H5 GeV and for m H = 300 GeV respectively by the 
curves a(b) for \ ma x = 1.0(4.0) for the case without scalar leptoquark mixing 
(8 = 0, this case is slightly preferred by x 2 minimum ). The horizontal 
lines denote Xsm = 3-5 and Xsm = 5-0 of the compatibility of the SM zero 
values of S, T, U with the experimental data ( |T9| ) at m H = 115 GeV and 
run = 300 GeV respectively. 
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As seen from the Figs. 1,2 the lower limit Tn^f^ r on the masses of the scalar 
leptoguarks and of the scalar gluons is allowed by data (|19"D to vary within 
wide limits from high values when the contributions from these particles 
into S, T, U are negligibly small to values of order of 1 TeV or less. It is 



interesting that in both cases the more light particles agree with the data (|19| ) 



even slightly better than in the SM. For tuh = 115 GeV (Fig.l) such slight 
improvement of the agreement takes place for rn l ™f^ r < 400 GeV whereas in 
the case of m# = 300 GeV (Fig. 2) such improvement is seen in all the region 
of the lightest masses of order of 1 TeV or less and it is more appreciable also 
for m l ™fa r < 400 GeV . In particular the scalar leptoquarks with the lightest 
masses of order of m l °^ r < 300 GeV (and for A max = 4.0 ) are compatible 
with the data ( |T9"D at x 2 < 3.1(3.2) for m# = 115(300) GeV in comparison 
with Xsm = 3.5(5.0) in the SM. The mass of the lightest scalar gluon in this 
case is expected to be m^ 2 < 850(720) GeV . 

The slight improvement for 400 GeV < rn l ™^ r < 1 TeV is caused by 
the sufficient contributions which are given by the scalar leptoquark and 
scalar gluon doublets into S and T, the contributions into U in this case 
are negligibly small. For the more light particles (m^X < 400 GeV ) the 
light scalar leptoquark doublets give the more noticeable contribution into 
U with the simultaneous cancellation of their relatively large contributions 
into S and T with those from the scalar gluon doublets. As a result the more 
appreciable agreement with the data (|19"D is achieved. 

For example the scalar leptoquarks and gluons with the masses 

m 5/3 = 330 GeV, m 1/3 = 430 GeV, m Fl = 850 GeV, 

m 2/3 = 250 GeV, m' 2/3 = 250 GeV, = 1040 GeV, m^ 2 = 770 GeV, (21) 
give the contributions 

S (LQ) = _Q_ 07; T (LQ) = 2 03; jj(LQ) = Q 

= 0.03, T (F) = -2.05, U {F) = -3 ■ 10" 3 , 
S = -0.04, T = -0.02, U = 0.02, 

which agree with ( |l~9D for m# = 115 GeV with x 2 — 2.9 (in comparison with 
X 2 = 3.5 of the SM). 

In a similar way for the masses 

m 5/3 = 430 GeV, m 1/3 = 430 GeV, m Fl = 650 GeV, 

m 2/3 = 250 GeV, m' 2/3 = 250 GeV, = 890 GeV, m 02 = 550 GeV, (22) 
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we obtain the contributions 



S (LQ) = _q T (LQ) = 3>39) jj(LQ) = q 

= 0.05, T {F) = -3.32, = -0.01, 

S = -0.12, T = 0.07, [7 = 0.03, 

which agree with the data (|T9|) for m# = 300 GeV with % 2 = 2.9 (in com- 
parison with x 2 — 5-0 of the SM). 



The lightest scalar leptoquark masses in (|2l|) , fl2"2|) are compatible with 
the experimental limits resulting from the direct search for the leptoquarks. 
The most stringent of these limits are resulted from the pair production and 



for the scalar leptoquarks of the first generation they give |TJ| 

m LQ > 225 GeV, 204 GeV, 79 GeV (23) 

under assuming the branching ratios B(eq) = 1, 0.5, respectively. 

It should be noted that in the model under consideration the coupling 
constants of the scalar leptoquark doublets with the fermions ( and those of 
the scalar gluon doublets ) are proportional to the ratios of the fermion masses 
to the SM VEV rj = 246 GeV ( the general form of this interaction can be 
found in ref. |T5| ) and for ordinary quarks these coupling constants are small. 
The dominant decay modes of such leptoquarks are the modes with heavy 
quarks ( predominantly with t-quark ) whereas the branching ratio for the 
first generation is small < B(eq) -C 0.5. So the lower experimental limit on 
the masses of such scalar leptoquarks can be near the lowest value in ([23|), the 
masses m^, m 5 y 3 of the other scalar leptoquarks are in this case compatible 
with other experimental limits ( including those for the second and for the 
third generations ) resulting from the direct search for leptoquarks. 

It should be noted also that the light scalar leptoquarks can be also 
compatible with the indirect leptoquark mass limits resulting from the rare 
decays of if£ — > fie type. Due to the smallness of the coupling constants 
of the scalar leptoquark interaction with d- and s- quarks the contributions 
of the scalar leptoquarks into K® — > fie width can be sufficiently small to 
satisfy the stringent experimental limit Br(K Q L — > fie) < 4.7 • 10 -12 on 
the branching ratio of this decay, even for the relatively light masses of the 
scalar leptoquarks. 

Thus, the current direct and indirect mass limits for leptoquarks do 
not exclude the relative light scalar leptoquark doublets considered here 
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whereas the experimental data on S, T, U not only allow the existence of 
such particles but even slightly prefer them to have the masses of order of 
ml °caiar < 400 GeV. The search for such scalar leptoquarks and scalar gluons 
in the processes with heavy quarks ( predominantly with t-quark ) at LHC 
is of interest. 

It should be noted that the presence of the so light new particles can 
also affect the new physics at high energies. In particular these particles 
can affect the gauge coupling constant unufication in GUT approaches. As 
known the SM without any new physics up to the GUT mass scale Mqut 
("grand desert") do not unify three coupling constants at any mass scale. 
But such a unification can be possible if an intermediate new physics be- 
low Mqut (such as the four color symmetry physics with mass scale M c ) 
is assumed. For example in the model under consideration in the case of 
the scalar sector containing, for simplicity, only the standard Higgs doublet 
and the (4,1,1) multiplet with VEV 771 ~ M c ~ 10 11 -=- 10 12 GeV all three 
coupling constants do converge in one point at M GUT ~ 10 14 4- 10 15 GeV 
with a 3 (M GUT ) = a 2 (M GUT ) = oh(Mgut) = &gut ~ 0.023. The account of 
the scalar leptoquark and scalar gluon doublets gives the additional contri- 
butions Ab 3 = 8/3, M>2 = 7/3, A&i = 37/15 into the factors b{ which define 
the mass scale evolution of the running coupling constants through the 

beta functions $ of the one loop approximation, i = 3,2,1. These contribu- 
tions together with the SM factors bf M = -7, 6f M = -19/6, bf M = 41/10 
and with the corresponding contributions (for M c < fj, < Mqut) from the 
(4,1,1) scalar and from the vector leptoqurks determine the mass scale evo- 
lution of ai(fj) from /i ~ 1 TeV to /i ~ Mqut- The analysys shows that in 
this case all three coupling constants do also converge in one point if 

M c ~ 10 10 ^10 n GeV and M GUT ~ 10 14 ^10 15 GeV with a GUT ~ 0.029. As 
seen the presence of the relatively light scalar leptoquark and scalar gluon 
doublets (with mases below 1 TeV) lowers the four color symmetry mass scale 
M c and increases the value of the unified coupling constant a G uT, leaving the 
GUT mass scale M GUT practically unchanged. 

As mentioned above the scalar multiplets (1,2,1,) and (15,2,1) were intro- 
duced to give the Dirac masses to the fermions and to split the masses of the 
quarks from those of the leptons by the Higgs mechanism. The general form 
of Yukawa interaction of these doublets with the fermions makes the fermion 
masses to be arbitrary as they are in the SM. The lightness of neutrinos 
can be ensured by the smallness of their Dirac masses due to the smallness 
of the corresponding Yukawa coupling constants or, more naturally, by the 
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smallness of their Majorana masses due to the seesaw mechanism. In the 
latter case the necessary large Majorana mass term of the right neutrinos 
can be generated by the interaction of the right fermions with an additional 
(10, 1, —2) scalar multiplet with the large VEV of order of M c . 
In conclusion we resume the results of the work. 

The contributions into radiative correction S-, T- ,U- parameters from 
the scalar leptoquark and scalar gluon doublets are investigated in the min- 
imal model with the four color symmetry, accounting the Higgs mechanism 
of generating the masses of these particles. It is shown that the current ex- 
perimental data on S, T, U allow the existence of the relatively light scalar 
leptoquarks and scalar gluons (with masses of order of 1 TeV or less), the 
more light particles (with masses below 400 GeV) are preferred and agree 
with these data better than in the Standard Model. 

In particular the scalar leptoquarks with the masses of order of m!™^ < 
300 GeV are shown to be compatible with current data on S, T, U for 
m H = 115(300) GeV with x 2 < 3.1(3.2) (in comparison with x 2 = 3.5(5.0) 
of the SM). The lightest scalar gluon in this case is expected to lie below 
850(720) GeV. 

We emphasize the possible significance of such particles in the top-quark 
physics at LHC. 
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Figure captions 



Fi g- !■ X 2 mi n( ml s°c7Ir, X max) as a function of the lower limit m£X 
on the masses of the scalar particles for m H = 115 GeV at 
A m ax = 1.0(a) and \ max = 4.0(6). 

Fig- 2. X 2 min( ml s°cZar, X max) as a function of the lower limit m l ™% r 
on the masses of the scalar particles for m H = 300 GeV at 
\ max = 1.0(a) and \ max = 4.0(6). 
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Fig. 1 
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A.D. Smirnov, Physics Letters B 
Fig. 2 
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